Sweat from the whole body was collected in five healthy unacclimatized male students during two consecutive periods of profuse sweating in a climatic chamber with a hot humid environment. In each subject one sweat collection experiment was performed before and another experiment about two weeks after an oral dose of 137Cs (160 nCi).
Although man has always been exposed to ion izing radiation from cosmic rays and natural radio active sources in his environment, attention has recently been focused on the problem of radiometal intoxication of the biosphere. This is mainly due to increased use of radioisotopes for medical, industrial and research purposes, the use of high power nuclear chain reactors, and radioactive fallout as a result of nuclear weapon tests.
The elements having greatest importance in this respect, are those having a high fission yield and a long physical and biological half-life. Of these elements, those which are readily soluble and with a large uptake in the human organism are of partic ular importance. In this connection 137Cs is of spe cial interest having a rather high 7-ray energy of 662 keV, thus making it a potential hazard with regard to genetic damages 1. It is a well established fact that release of radio cesium, 137Cs as well as other radioactive cesium isotopes, to the biosphere has been mainly caused by the detonation of nuclear weapons in the atmo sphere, and that radiocesium today can be found in trace amounts in the whole biosphere, including m an2. Radiocesium in fallout is readily soluble. The uptake is normally via the gastrointestinal tract. As a contaminant of the food, the absorption in animals and humans is nearly 100 per cent3. Under normal conditions, agricultural products, mainly milk and meat, are responsible for the major part of the contamination. Under special circumstances body burdens of 137Cs in excess of 1 /^Ci have been measured, equivalent to a genetic radiation dose of more than 150m rad/year in adult persons4,5.
The biological half-life of Cs in the human body is usually between 70 -125 days in adult men and 50 -80 days in adult women. Under normal condi tions elimination of cesium takes place mainly through the urine which is as a rule responsible for 80 -90 per cent of the excretion, a minor fraction of 10 -20 per cent being lost with faeces6. The amount of Cs lost through sweat is usually considered to be very small. However, no quantita tive information on this item has, to the authors knowledge, been available due to problems of col lecting samples of sufficient volume giving the amounts needed for measurements.
The objective of the present investigation was to measure the excretion of 137Cs in whole body sweat under conditions of profuse sweating, before and after an oral load of this radioactive isotope. It has been suggested previously by Kleem an et al. ' that the sweat of the initial stages of secretion might be endogenously contaminated with stagnant sweat solutes such as potassium, concentrated in the sweatgland lumens and ducts or derived from skin tissue other than the sweat-glands. For this reason an experiment with two successive periods of sweat collection was designed in order to assess the influence of this hypothetical "internar' contamina tion on the sweat excretion of 13'Cs as well.
M aterial and M ethods
Material: Five healthy unacclimatized male stu dents from the State School of Physical Education were used as test subjects (Table I) cent relative humidity). The principles of the sweat collection procedure were as described elsewhere by V e l l a r 8. However, after the first period of sweat collection (30min), the subject, while still sitting in the sweat collecting vessel, was transferred to an ad jacent cold room in order to achieve a cessation of the sweating. He was rinsed in distilled water, dried and weighed. After a cooling period of about 20 min, the subject was again placed in the climatic chamber in another sweat collection vessel for the second period of sweat collection (45 min).
The collected siveat which included about 500 ml of distilled water for rinsing of the body, was thorough ly mixed before the 137Cs concentration was measured. The measurements were performed in cell-rich sweat, i.e. the cellular debris were not removed from the sweat. The net decrease in body weight (measured with a specially built balance, sensitive to +10 g) during the sweat collection period was taken as a measure of the total loss of sweat in the period. The determined concentration of 137Cs in the collected sweat was adjusted to give the concentration in whole body sweat, as secreted from the body, according to the following formula:
Weight of Concentration of collected sweat Concentration of 137Cs in collected X ---------------------= 137Cs in whole sweat Decrease in body sweat body weight The radioactive measurements: In each test subject one sweat collection experiment was performed before (Table II) and another 11 to 14 days after an oral dose of 137Cs of the order of 160 nCi (Table III) .
The 137Cs body burdens were measured in a whole body counter shortly before and five days after intake of the dose. Beside the 137Cs body burden, the amount of K in the body was also measured by means of the /-rays of 1.46 MeV from 40K.
The radioactive body burdens were measured with a 0 6" x 4" NaJ (Tl) crystal inside a steel cubicle with shielding thickness of 18 cm. The pulses were analyzed with an Intertechnique 400 channel analyzer. In the calculations only the photopeak fraction was used. This was also the case in the measurements of the sweat samples, where a 0 2 1/2/, x 3 ,/ NaJ (Tl) cry stal was used in connection with the above mentioned multichannel analyzer.
Body burden measurements were normally per formed over a period of 30 minutes. The measure ments of the sweat samples were performed over a period of 1,000 minutes. The analytical standard devia tion for determination of 137Cs under these conditions are ± 3.0 pCi. Consequently no figures are given for the concentration of 137Cs per liter whole body sweat prior to the oral intake of 137Cs (Table II) .
Measurements of potassium in the sweat samples by means of the y-rays from 40K were also undertaken. 7 C. R. K l e e m a n . D. E. B a s s , and M. Q u i n n , J. Table III This method is, however, very insensitive because 40K is present only in minute fractions in ordinary potas sium. Besides, the disintegration scheme for 40K is very unfavourable with regard to y-radiation, the y-branch giving rise to only 18 per cent of the total disintegration. The analytical standard deviation of these measurements were larger than the net results of the measurements as expected, and no figures are therefore presented in the Tables.
Results
The potassium content (body burden) of the test subjects varied between 1.95 and 2.26 g K/kg body weight (Table I ) , which must be regarded as nor mal for males of this age group 9. The 137Cs body burden before the oral load (Table II) was also within the range which must be considered as nor mal for Oslo-residents at the time of the measure ments (March 1968) and similar to data from a control group of the staff at the Norwegian Radium H osp ital10. Contributions from other 7-emitting radioisotopes than 40K could not be observed in the pulse height spectrum. The body burden of 137Cs increased after the oral dose (Table I I I ) , and was at the time of the last measurement between 153 and 191 nCi. The difference between individuals was mainly caused by the original 137Cs body burden.
After the oral dose of 137Cs the average total amount of 137Cs excreted in whole body sweat during each experimental period increased about ten times compared with the initial values; from about 2 pCi (Table II) to about 20 pCi per period (Table II I ) . The sweat rate, estimated from the decrease in body weight, was high and of the same order on both occasions. There was no change from the first to the second period of sweat collection in the concentration of 137Cs in whole body sweat; after the oral 137Cs load the average concentration was 20 pCi/liter in the first period and 21 pCi/liter in the second period (Table II I ) .
Discussion
The 137Cs body burden in these volunteers at the time of the first measurement was in the range exposed, due to the intake of 160 nCi 137Cs, fallout in the food. After the intake of the oral dose their body burden rose by a factor of approximately six.
The radiation dose to which the volunteers were exposed to be due to the intake of 160 nCi 137Cs, calculated according to the formula given by HlNE and B r o w n e l l n , was about 15 mrads equivalent to 15 per cent of the background radiation dose for one year. Consequently, the extra dose was not considered a health hazard. The elimination of 137Cs will normally occur through the urine and the faeces, and can be enhanced under special conditions 12. Under normal conditions, however, measurements have show n13 that healthy males having a body burden of the order attained in the present study, excrete about 1 ,000 pCi 137Cs in a 24 hr urine sample, and that faecal excretion amounts to 15 per cent of that value. It is obvious, from the results given in Table I I I that the elimination of 137Cs through sweating might also be considerable during pro longed periods of profuse perspiration since the amount excreted per hour was about 30 pCi 137Cs.
It is not feasible, however, without due reservations, to extrapolate our hourly figures into daily figures since the test subjects could not have tolerated a similar heat exposure for longer periods.
Since there was no decrease in the concentration of 137Cs in whole body sweat from the first to the second period of sweat collection, the possibility that the sweat of the initial stages of secretion might be mixed with materials with a high content of 13'Cs, can be ruled out. Thus, the present findings based on an isotopic method confirm recent observa tions by V e l l a r 14. In a study of the excretion of normal nutrients in sweat, no support was found for the previously suggested hypothesis7 that the sweat of the initial stages of secretion might be endogenously contaminated with stagnant sweat solutes concentrated in the sweat-gland lumens and ducts or with materials derived from skin tissue other than the sweat-glands.
